77013819 A1 I AT 0O 00O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
1 February 2007 (01.02.2007)

lﬂb A0 0O

(10) International Publication Number

WO 2007/013819 Al

(51) International Patent Classification:
CO2F 11/12 (2006.01) F26B 3/00 (2006.01)

(21) International Application Number:

PCT/NZ2006/000187
(22) International Filing Date: 24 July 2006 (24.07.2006)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

541426 25 July 2005 (25.07.2005) NZ
(71) Applicant (for all designated States except US):
FLO-DRY ENGINEERING LIMITED [NZ/NZ],

10 Beatrice Tinsley Crescent, Albany, Auckland, 0632
(NZ).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FERNANDO, Tissa
[NZ/NZ]; 49 Norwood Road, Bayswater, Auckland, 0622
(NZ). KURVINK, Michael, Robert [NZ/NZ]; 8 Linley
Place, Hilcrest, Auckland, 0627 (NZ).

(74) Agents: ROBERTSON, Thomas, George et al.; Pipers,
Level 1, 29 Waterloo Road, (po Box 30 495), Lower Hutt,
6009 (NZ).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

[Continued on next page]

(54) Title: IMPROVEMENTS IN/OR RELATING TO A METHOD OF DRYING PASTY MATERIALS AND/OR APPARATUS

FOR DRYING PASTY MATERIALS

,F42

50 T
fo biofiler
40°C k
* Coaling - -
© water

51

‘Bondensate f e

Dewatersed

12
- [
s e
; i
| ’ !
23 |
17 Cogitng {
18 i :
 45%DS!] ‘L 1 ar i
y — 21 | 33
30 i
- ¢ —tq biofifter
P " { Cocling 407G
i Condensate - "eter
@ Condensate

Bic-solids
90%58

(57) Abstract: The invention comprises method of and apparatus for drying pasty materials. The pasty materials are subjected to a
& firstdrying stage (1) at a first temperature, and then subjecting the partially dried pasty material are subjected to a second drying stage
& (10) at a second temperature. The second temperature is lower than the first temperature. The invention also envisages a method of
drying and sterilising a pasty material comprising the steps of subjecting the pasty material to a first heat sterilisation process (1) and
then a second heat drying process (10). The invention also envisages a method of drying pasty materials wherein the pasty material
is broken into pieces (55) and partially dried (56) to form a crust at least partially over each piece prior to further processing of the

pasty material.
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Improvements in/or Relating to a Method of Drying Pasty Materials

and/or Apparatus for Drying Pasty Materials

TECHNICAL FIELD OF THE INVENTION

This invention relates to a method of drying pasty materials and/or apparatus for drying pasty
materials such as sludges. Such sludges may comprise semi-solids, sludges and slurries

'consisting of treated or untreated sewage, or other biological waste material, or indeed other

- ‘material containing evaporable liquids. Such liquids are usually water but are not exclusively

SO.

BACKGROIIND ART : L ’ L e -] et St b

Sludges such as sewage sludges, for example, from municipal ‘corporations, sludges from
industrial plants such as pulp and paper plants, food processing plants, rendering plants, and
waste treatment:processes-such as dissolved air flotation systems, anaerobic digestion, extended
aeration and chemical beneficiation processes may contain a solids content from about 1% to
5%: Typically sich sludges arfe subject toa dewatering ‘procéss, ‘foi! exainple; by mechanical

filtering,’ centrifuging r-pressing, to produce sludges: that are'dargely frée-of free’ moistire:

" However the fesulting slidge; which is left-with ' éssentially: bound water, still has 4 sSubstaiitial

watet content: - Tri ssuch ‘sludges ‘the: dfy solids coritenit tay bé: about'12% to30%: ‘In oidé to

ﬁrodﬁce a stable product that is free of pathogens and which can be transported it is desirable to

reduce the moisture content of such sludges to below 10%.

OBJECT OF THE INVENTION

[ R I I A SR E LI S T T [ N R 1

It'is therefore 'an ‘Object of thé present invention to provide a miethod of drying pasty’ materials
anid/or apparatus for drying pasty materials which will go at least somieway towards meeting the
foregoing re’qdirerrienté‘-in a simiple yet effective manner or which will-at least provide the public

With & 0SSRl ChiOiee, * s 0w i g s i L I G B e e
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STATEMENT OF THE INVENTION

Accordingly, in one aspect the invention consists in a method of drying pasty materials
comprising the steps of subjecting the pasty materials to a first drying stage at a first
temperature, and then subjecting the partially dried pasty material to a second drying stage at a

second temperature, the second temperature being lower than the first temperature.

Preferably the first drying stage is effected in a manner to minimise agglomeration of the pasty

material.

Preferably the first drying stage is affected in a rotary dryer, the first drying stage being

terminated before substantial agglomeration of the sludge occurs.
Preferably the rotary dryer is a drum dryer.

Preferably the second drying stage is affected on a non- agglomeratmg dryer
MRV 5‘»5 S TE RN N S AL S PR i ERURCIN T O IS PRI S Tyt

Preferably said, second dryrng stage 1s affected ona movmg bed dryer

Proferably the second temperature is sclested © ‘be“be'I"o‘w' the éXplchidh‘ {itmits of the material as

drying or when,dried,.

a U 5 Sy PP . - F
PRI FETUEIN P Y LA A SR R SR P T
L S A T N I B L IR A A N At

ﬁréferahly the first drying stage heats the core temperature of the pasty materials to at least

| S S VR R [T T LT T T ey

Preferably the first drymg stage heats the core tempeératire of the pasty material to at least
100'0C . i

Preferably:the first drying, stage heats the core, temperature of the pasty -materials to about
1;80«°C~.;

t

S R I SRT AR
TR
L. ¥ .

first drymg stage and the secbnd drymg stage e TR T e

i DR a
“f’u PRI ,‘ PR ™ S

Preferably the method further 1ncludes the step of corhrhmutmg the pasty mater1al pI'lOI‘ to the

First drylng stage. -

"s‘ . . * . L P e - . H
I ) S S T N R R A
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Preferably the method includes the further step of dividing the pasty material into pieces and
partially drying the pieces prior to said first drying stage.

In a further aspect the invention consists in a method of drying and sterilising a pasty material
comprising the steps of subjecting the pasty material to a first heat sterilisation process and then

a second heat drying process.

Preferably the sterilisation process is commenced whilst the pasty material is relatively wet.
Preferably the moisture content is greater than 15% by weight.

Preferably the moisture content is in the range 70% to 88% by weight.

In a«still‘further aspect the jnvention consists, in apparatus, .for drying pasty, materials comprising
a st dryer operable at a first temperature, and a second dryer operating at a second

temperature the second temperature, being lower than the first temperature.

az; r,' _“jf el ‘ f:';“ [F 3R FIRTINNERE i R A PR r‘ RN &\f AN : t""'w’ [EEDRNTIVR L L 76 L
Preferably sald ﬁrst dryer comprlses a smgle or, mu1t1 pass. dryer
Pr‘veferably*s:a{id second dryer consists of a single or multi pass dryer.
Preferably said first dryer comprises a rotary dryer.

Préfetably Said rotaty dryer comprises a drum dryer.

Piéferably said seGond dryer comprises a moving bed dr’ye«r.‘ a

Preferably sa1d second temperature is’ below he* exp10510n 11m1ts* of matenal o be drymg or

..... YSergt ey IR TYS PN B T VUGV P
RN m,r::,v;,fi.,, i R PONRER PR RS ¥ A IR S S P S S TR %

Preferably the: first dryer includes’ a: heater ableto raise the core:temperature of theipasty

materralto atleast TOOPCL 5 it D U e L e e

1 -, P
! L)

Prefelably the first dryer includes a heater capable of ralsmg the core temperature of the pasty

matemalsto about 180°C L o N B T R R SR

Preferably said apparatus further includes a communiter between the first and second dryer.
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Preferably said apparatus further includes a further communiter prior to the first dryer.

Preferably said apparatus includes a still further communiter to break the pasty material into

pieces prior to the first dryer.

Preferably a pre-dryer is provided to at least partially dry the pasty material prior to the further

communiter.

In a still further aspect the invention consists in a method of drying pasty materials wherein the
pasty material is broken into pieces and partially dried to form a crust at least partially over each

piece prior to further processing of the pasty material.

To those skilled in the art to which the invention relates, many changes in construction and
iidely differing sibodimetits and Gpplications of the invention will siiggest themselves without
departlng from the scope of the 1nvent10n as deﬁned in the appended clalms The drsclosures

} iy

and the descrrptron herem are purely 111ustrat1ve and are not intended to be in any sense hrmtmg

X

BRIEF DESCRIPTION OF THE DRAWINGS 1_

4 : N
SN TR R S
cTecp e DV THY By oy Tessting s

One. preferred form of the invention will now be described with reference to the accompanying

drawmg Wthh is a dragrammatrc 1epresentat1on of apparatus for drymg pasty materlal

eet

accordlng to one preferred form of the 1nvent10n and 1llustrat1ng a method of dry1ng pasty

Vit 1

materral accordlng to one preferred form of the 1nvent10n
; i LT . %

BESWOPE,EQR&AERXIN@ OUT THE INVENTION

PATTETE MRS AR SRS TR D!

kéremﬁgﬂ‘ts the drawings ﬁﬁé&;‘fﬁtafefférr&éhﬂégiaé'w"aféfé& éﬁiafgiezmi‘ng‘"%"‘a%y‘ solids contetit;
for e?&ample dbotit 20% DS (dry sohds) by We1ght 1s input into 4 ﬁrst dryer 1 ’If desrred or
necessary ‘ther dewatered sludge thay bepassed through' a first’ cominuniter 2} prior to enterrng the
ﬁrst dryer The communrter 2 typ1ca11y breaks up lumps of material greater than 15mm to a size
range of partrcles of 10mm fo 20mm. Essentrally the communiter-2 ‘shreds' the material ‘to
produce uniform discreet - particulates . for - provision. to the- first dryer L. - Alternatively,

comminuter 2 can be an.extruder. - - gy e



10

15

20

25

WO 2007/013819 PCT/NZ2006/000187

-5

The first dryer which-may be a single or multi pass dryer, is a dryer capable of being run at a
first higher temperature and in the preferred form of the invention is a rotary dryer particularly a
drum dryer. The dryer includes a heater 3 which is capable of raising the temperature of the
dewatered sludge to a desired core temperature preferably at least 50°C, more preferably 100°C,
and even more preferably about 180°C so that pathogens are quickly substantially eliminated by

the heating process.

In the preferred form of rotary dryer 1 a single pass rotary drum drier is provided which is able
to operate with air/feed product ratios that are lower than those of conventional rotary drum
dlyers The dryer is designed with internal baffles and lifters and the drum is set at an optimum
anglé of trlt to ensure the drying in the dryer i$ carried out in an energy efficient manner and

such that heat loss in the exhaust gases are mrmmrsed Such a dryer is avallable from the

[l g
Py

apphcant and 1s known as a F lo-Dry Rotary Dryer

In the. first dryeér 1:the particulates'are dried:to 40% to 60% dry. solids:by weight in the ifirst
dryer .1 so that the product.does not substantially agglomerate or-ball'up into lumps.~ Any luitips
formed-in the first dryer 1 will be usually no more than 20mm in-diameter... The energy input
to. first dryer:1-can be by a direct fire burner using such fuels as Natural Gas, LPG, Petroleum
Dryer base quuld fuel, b1o-gas from dlgesters hot exhaust gases from engmes producmg

electrlcrty or from pulverrzed fuel burners usmg sohd fuel 1nclud1ng the ﬁnal drled sludge

o e . RS (H\«u .,,.”” PN . SN BT SR RN TS AV N ] Trav

output from the present 1nvent10n

. Tlea g el vy
r»'., W P st H*.‘, P

pArEE s i D e T et B Senr 0 not s Do e Tlhani
The inlét temperature ofi the‘hot air:and combusting: gases are ‘desirably in the range of 300°C:to
SOOOC'Wthh temperatures are- substant1ally hrgher than temperatures used in. pr1or art dryefs.
Such temperatures not only reduce the amount of air used in the drylng process but also sterlhse
the sludge to meet the requlrements of USEPA 503A standards or better l N
Erloetonr L T B T e e T S S
In-the preferred: form of the invention the product on-entering the feeding'in end.4 of the:first
dryer-1 is heated by the hot gases to rapidly reach‘a core:temperature-in-the. tange of i50°C to
180°Ci(being at least 100°C and preferably about 180°C) and these temperatures are held:for.a
sufﬁcrent t1me to- be equlvalent of: the conventlonal ster111Sat1on process which requ1res holding

the fmal drred product at 80°C to. 90°C for several mmutesand to exceed the current pathogen

H e e
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reduction requirements of the USDA, E.U., and.the New Zealand Ministry of the Environment

requirements.

The high inlet temperature to the first dryer enables the core temperature of the product to be
rapidly reached. The time needed for substantially complete killing of pathogens is in the order
of seconds when the core. temperature is in the range of 100°C to 180°C. One reason for the
rapid increase in core temperature is that the sterilisation step is carried out at the beginning of
the procedure when the moisture content of the sludge is high, for example, around 70% to
88%. This high moisture content has the effect of increasing the heat transfer characteristics of
thermal conductivity, specific heat, and the overall heat transfer into the core of the product
enabling the product to be heated up to, in the preferred embodiment, 180°C without damaging

the organic heat labile properties of the sludge and also without risk of explosion.

At the feed end 4 of the first dryer 1 the high moisture content substantially prevents dust
formatlon and over heatmg of the product as the heat apphed to the product is substantrally

ut111sed in evaporatmg the water from the sludge

RS CIR et

In prior-ait constructions heat sterilisation is applied at the endof the' process when the moisture
contént: is typically- below :15%: by .weight-and may: be as-low:as:10% by weight: :In.thes¢
dircumstances héating even t0:80°Ci-at: this low ‘moisture content -can -produce. dust: with an
atténdant risk.of explosion. ‘The use of the high inlet temperatiresin first dryer:1 means that:the
amount of’ airwused in jthe first. dryer :1-is: reduced 'significantly which reduces‘the abseolute
oxygen .content:‘inside the first dryer 1--again'leading to ‘less -explosive :conditions: and
furthermore the reduced air: reduces the size of the dryrng and assoclated equrpment such as

ducts fans and the heat exchange equrpment

Product exrtrng the outlet: end 5 of the first dryer l may be fed to'a further commlnuter 6 whlch
agam breaks up any large lumps of: partrculates toa typlcal 51ze of Smm to lSmm One or two
slowly rotatlng shaﬁs (for example 3 to 30 rpm) on whrch cutters or blades are mounted may be
provrded 1n the commumter 6. For some s]udges the commlnuter 6 may be replaced by an
extruder whrch would produce unlform strrngs of materral Wthh could be cut to a selected
length of product Typ1cally the partlcle size m such a case would be around 2mm to 8mm 1n

drameter and Smm to 20mm long

ETTIeS P iy o EX PR EL IS A AN piY D T LI

T T VPR
[ R 5
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Accordingly, the product discharge from the comminuter 6 is substantially uniformly sized.

The output product from the communiter 6 is provided to a second dryer 10 which again may be
single or multipass. The second dryer 10 operates at a lower temperature than the first dryer
and the second dryer 10 is also of a non agglomerating type of which a typical example is a belt
dryer. The belt dryer may be heated by hot air, the air being in the range of 30°C to 150°C and
the second dryer 10 is of sufficient length so that the sludge at the output of the second dryer 10
has a dry solids content desirably of 90% to 95%. The temperature in the second dryer is

selected to be sufficiently low to exclude or at least minimise the risk of dust explosion.

In a preferred form of the invention the heat energy for the second dryer 10 is supplied from the
heat content in the evaporated water and gases from the dryer 1 which can be condensed and/or
cooled:in.a heat exchanger system 11 to produce hot water at.around 35°C to ‘95°C. - If desired

the heat content in the evaporated water and gases from the dryer 1 may be heat exchanged with
an:‘to produce the hot a1r necessary for the second dryer 10 Accordlngly, gases at about 100°C

*****

“““““

at 18 to be 1nput to dryer 10 at 19, The product dlscharged from second dryer 10 is cooled to
around 40°C to 50°C in a coohng sectron Wrthm or outs1de the second dryer 10 Coohng air
from the atmosphere at, for example 5°C to 30°C may be ‘heat exchanged in an air heat

exchanger 21 and used:to cool the.ﬁna_l dry product. L e by

T T
»'t?i [ERREM A R i

ThlS use of fans, condensers and heat purnps allows heat energy to be conservcd An ID fan 30
may be provrded to enable humrd exhaust a1r from the second dryer 10 whrch is around 40°C to

105°C to be passed through an a1r/water condenser 31 and the cooled dehurmdrﬁed arr 1s ﬂnally

P I T L PP T

treated m a bro-ﬁlter ot any other odour treatmg devrce 1f desrred 1ndrcated at 32 50 as to

reduce any odour 1n the dlscharged gases T LT IOTTS TR
Jetityt e e e I T R S L “ = ,vg;x“ R A
E

Rt
i

!

Part of the exhaust gas from second dryer 10 1s heated in the alr/water heat exchanger 15 and
reused in the second dryer 10. The exhaust vapour and gases from the dryer 1 are passed
through a condenser 13 whrch is an air/water heat exchanger and the dehum1d1ﬁed a1r 1s used as

an air 1nput to the first dryer 1. Other heat exchange devices such as heat pumps 40 and 41,'and

Shera Do
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heat exchanger 42, as well as ID fan 43 are used to balance the thermal recovery system
indicated generally at 11. The final exhaust from first dryer 1 at 50, is sent to a bio-filter
indicated at 51.

For some sludges it can be advantageous to pre-break the wet sludge from the dewatering

process into discrete patticles of about 25 to 50mm. in a communiter 35.

This can then be pre-heated in heater 56 which could be a conveying belt dryer utilising
recovered heat from the downstream drying process. Other forms of heating such as infra-red,
microwave, or electrical. The aim is to heat the outside of the pre-broken particles to form a
crust to minimise or prevent balling up of difficult sludges, which could otherwise occur in the
communiter 2 or dryer 1. This minimises the creation of dust which may be as low as 1% of the
;weight*of the input wet sludge.. This pre-heating forms-a crust-over at’least part; and preferably

alljiofthe surface ‘of each sludge piece. .:oooi doen Hod s o an Bl e

Thus1t can be seen that a method for drying pasty materials and/or apparatus for drying pasty
materials-is.provided which at least:in the preferred form of the invention has:the advantage that
the- pasty materials may: be dtied in an efficient manner to reduce energy consumption, to
minimise the risk of agglomeratlon of the pasty materlals durmg drylng so as to minimise
malntenance requlrements and wh1ch also mlnlmlses the I’lSk of in partlcular dust explosmn

The constructlon is space and energy efficient whllst malntalnlng efﬁ01ency for malntenance |

As:the dried :produet doesinot need to: be recycled there. is a reduction in:energy -requirements
and:no:recycle: pathway,. of product béing dried; isrequiréd,:thereby allowing-a reduction in the
qﬁfo‘(;)tprint"?-;ofJt:h\e?ripelraticl)ns";:v--: PRraTes g o ay i s etk ab s st ya ety

( V‘u' P MR »4’; ‘. ' S R N s o . . H
z: o “"«’t“m Sl o o, »Lw Wi b W,

Energy requlrements can be mmlnnsed by usmg heat exhausted from the ﬁrst drymg stage It is
Bélieved that s1gn1ﬁcant thermal: and -electrical energy consumption reduction can be achleved
when-compared to existing systéms.: - R I RN S e P E A G R TR
Providing high heat input at the beginning of the pfocess enables relevant standards to be met.

Theprocvessalso produces a granuldr substantially dust free product.” - o .

i
1
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WHAT WE CLAIM IS:

10.

A method of drying pasty materials comprising the steps of subjecting the pasty
materials to a first drying stage at a first temperature, and then subjecting the partially
dried pasty material to a second drying stage at a second temperature, the second

temperature being lower than the first temperature.

A method as claimed in claim 1 wherein the first drying stage is effected in a manner to

minimise agglomeration of the pasty material.

' A method as claimed in either claim 1 or claim 2 wherein the first drying stage is
* affected in a rotary dryer, the first dryirlg stage being terminated before substantial

.. ‘A;agglo‘rneratien pf the sludge occurs.

A method as claimed in claim 3 wherein the rotary dryer is a drum dryer. )
e S ‘ ) . - [ . N L] m"ri. t T
A méthod as claimed i any onle of the preceding claims whetein the secorid drymg stage

is affected on a- non-agglomeratmg dryer B R S
A method as clalmed in claim 5 wherein sald second drylng stage is affected on a
movmg bed diyet: R ConEw

TR st g vl b AL F e Lt
A method as claimed in any one of Ithe preceding claims wherein the second temperature
is sélected to be'below the é"x‘i;‘l&sidn‘lihﬁts‘ of the maferial 4s dryitig or wheti‘diied.”:

¢ { R S A T S T I Ty Ty oY SO SRET DUPUE NTCEr SURPTRRTR

A method as claimed in any, one, of the precedmg clanns wherein the ﬁrst drymg stage

‘ 'heats the core temperature of the pasty materials to at least 50°C.

A method as clarmed in cla1m 8 whereln the ﬁrst drymg stage heats the core temperature

of the pasty materlal to at Teast 100°C

A method-as clarmed in claim' 9 wherein the first drying stage heats the core temperature

of the pasty matenals to about 180°C

ey it .
J( iy
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A method as claimed in any one of the preceding claims further including the step of
comminuting the pasty material between the first drying stage and the second drying

stage.

A method as claimed in any one of the preceding claims further including the step of

comminuting the pasty material prior to the first drying stage.

A method as claimed in any one of the preceding claims further including the further
step of dividing the pasty material into pieces and partially drying the pieces prior to said

first drying stage.

A method of drying and sterilising a pasty material comprising the steps of subjecting
the pasty’ material to a first heat sterilisation process and then a second heat drying
ST e T B L “‘A‘u‘:;" b . g o » [T \”" ‘ 3 :;‘lg‘r‘:“ Ly \.',3‘/‘, ot
process.

A'method as claimed in claim 14 wherein the sterilisation process is commenced whilst

the pasty material is relatively wet.
I ST IS ST SR AR AR & T I S N S LA e gy

Atiethod 85 Elaited:in ‘claim 15 wheréin the moisturé content is greater than 15% by

"o al .4 R L 1 .
L R R AR IE YA L U0 SR V41 PR AF 8 RV TN LAVR BT Se0e

weight.
A'iéthod as'claimed in claini 16 Whetein the moisturé content'is'in the tarige:70% to
88% by wéight: "

Apparatus for 'drying pasty materials comprising ‘a ‘first dryer’ opérable ‘at'a-first
témpé,raiture;" and a- second _dryer operating at a “second” tempera“turéf the' 56(;@11;1
temperature, being lower than the first temperature.

Apparatus as-claimed in'claim 18 wherein’said ‘first dryer ‘comprises a single or multi
pass.dryer.” - t BN

Apparatus ‘a$ claimed ' in" either ‘one of claims 18 ‘and 19 “wherein" said second dryer

consists of a single or multi pass dryer. . . . .,
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21.
22.
23.
24.
25.
26.
’%?-
28.
29.
°

31.

32.

Z11-

Apparatus as claimed in any one of claims 18 to 20 wherein said first dryer comprises a

rotary dryer.

Apparatus as claimed in any one of claims 18 to 21 wherein said rotary dryer comprises

a drum dryer.

Apparatus as claimed in any one of claims 18 to 22 wherein said second dryer comprises

a moving bed dryer.

Apparatus as claimed in any one of claims 18 to 23 wherein said second temperature is

below the explosion limits of material to be drying or dried on the dryer.

Apparatus as claimed in any one of claims 18 to 24 wherein the first dryer includes a

heater able to raiée the core temperature of the pasty material to at least 100°C: ~.-"

Apparatus as claimed in any one of claims 18 to 25 wherein the first dryer includes a

heatér’eapable of faising the cote température of the pasty materials 16 about 180°C.

Apparatus as claimed in any one of claims 18 to 26 wherein said apparatus further

includes-a communiter between the first and second dryér. = ' - R

Apparatus as claimed in any one of claims 18 to 27 wherein said apparatus further

P
RLREE)

includés a further communiter prior to the first dryer. -~ -1 @ i L

Ty 0 n

Cegrt b o] IR e R TR [E

Apparatus as claimed in claim 28 wherein said apparatus includes a still further

cor'nrnuhiter' to hr‘éak the pasty material into pieces prior to tlle'flirther communiterf“

Apparatus as clalmed in e1ther one of clalms 28 and 29 whereln a pre- dryer is provrded

to: at least partlally dry the pasty materlal prror ‘to the further commumter

r.,v vy oat, Lo ¢ Al 5 FSEN . n.ﬂ‘ 4 T L LR R
x', '«'i (“,' ,&‘ o ,A i ,;* }-'3).' , LIRS b i e

A method of drying pasty materials wherein the pasty mater1a1 is broken into pieces and
partially dried to form a crust at least partlally over each plece prlor to further processlng

of’ the pasty materral

A'méthod as claimed i in claim 1 and substantlally as herem descrlbed w1th reference 1o

the accompanymg drawmg



33.

34.

35.
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-12 -
A method as claimed in claim 14 and substantially as herein described with reference to
the accompanying drawing.

Apparatus as claimed in claim 18 and substantially as herein described with reference to

the accompanying drawing.

A method as claimed in claim 31 and substantially as herein described with reference to

the accompanying drawing.
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